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Abstract. In recent years there is an in- 
creasing description of novel anti-neuronal 
antibodies that are associated with paraneo- 
plastic and non-paraneoplastic neurological 
syndromes. These antibodies are useful in 
clinical practice to confirm the immunmedi- 
ated origin of the neurological disorder and 
are helpful in tumor search. Currently, anti- 
neuronal antibodies can be classified accord- 
ing to the location of the recognized antigen 
into two groups, 1.) intraneuronal antigens 
and 2.) antigens located in the cell mem- 
brane. Different techniques are established 
for detecting these antibodies: tissue -based 
assay (TBA), cell-based assay (CBA), im- 
munoblot, immunoprecipitation assay (IP), 
and ELISA. TBA detect most of the antibod- 
ies, however, different pretreatment methods 
of rat brain are necessary to visualize either 
Group 1 or 2 antibodies. Higher specificity 
is provided by immunoblots, applicable for 
Group 1 antibodies, and CBA, suitable for 
Group 2 antibodies. IP and ELISA may be 
useful for the detection of specific antibod- 
ies or to solve particular issues such as anti- 
body titers. Diagnosis of paraneoplastic and 
non-paraneoplastic neurological syndromes 
has important implications on treatment and 
follow-up of patients. Selection and proper 
combination of test systems and appropriate 
knowledge of the clinical information will 
provide a maximum of sensitivity and speci- 
ficity in identifying the associated antibody. 



Background 

Neurological syndromes associated with 
anti-neuronal antibodies are a heterogenous 
group of autoimmune disorders that can ei- 
ther be linked to an underlying tumor, and 
are then called paraneoplastic neurological 
syndromes (PNS), or have an unknown ori- 
gin as primary autoimmune response against 



the CNS. The detection of anti-neuronal an- 
tibodies influences treatment and follow-up 
of patients as they confirm the autoimmune- 
mediated nature of the neurologic syndrome 
and may be the first indicator for the pres- 
ence of a tumor. During the last years an in- 
creasing number of anti-neuronal antibodies 
and related syndromes has been described, 
leading to a continuously changing view 
on the significance and implications in their 
diagnostic use [1]. Currently, antibodies are 
classified into two groups, according to the 
location of the recognized antigen (Table 1) 
[2]. Group 1 antibodies are directed against 
intracellular antigens, therefore they are not 
considered to be directly involved in the 
autoimmune attack of neurons. However, 
they are associated with specific tumors and 
sometimes identify particular PNS. They are 
thus useful immunological markers in the di- 
agnosis of the underlying neoplasm. Group 
2 antibodies are directed against cell surface 
antigens, such as synaptic receptors or com- 
ponents of trans-synaptic protein complexes 
and are supposed to be directly responsible 
for the neuronal dysfunction. Associated 
clinical symptoms often comprise different 
forms of autoimmune encephalitis and epi- 
lepsy and their association with cancer var- 
ies [3]. As affected patients usually respond 
to immunosuppressive treatment, they are 
an important differential diagnosis for psy- 
chiatric diseases, cognitive decline, and viral 
encephalitis. One antibody that does not fit 
entirely into this classification is anti-Tr. The 
antigen was initially described intracellular. 
However, recent work identified the antigen 
as delta/notch-like epidermal growth factor- 
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Table 1 . Classification of anti-neuronal antibodies. 



Antigen 


Associated syndromes 


How to test 


Commercially 
available 


Group I 


Hu (ANNA1) 


Encephalomyelitis, PCD, LE, brainstem encephalitis, sensory neuropathy 


TBA, IB 


yes 


CV2 (CRMP5) 


Encephalomyelitis, Chorea, PCD, LE, sensomotoric neuropathy 


TBA, IB 


yes 


Amphiphysin 


SPS, myelopathy and myoclonus, Encephalomyelitis 


TBA, IB 


yes 


Yo (PCA1 ) 


PCD 


TBA, IB 


yes 


Ri (ANNA2) 


Brainstem encephalitis, Opsoclonus myoclonus 


TBA, IB 


yes 


MA-2 


LE, brainstem encephalitis 


TBA, IB 


yes 


SOX1 (AGNA) 


Encephalomyelitis, PCD 


TBA, IB 


yes 


GAD65 


SPS, cerebellar ataxia, LE 


TBA, IB 


yes 


Tr(DNER) 


PCD 


TBA, CBA 


no 


Group II 


NMDAR 


encephalitis 


TBA, CBA 


yes 


LGI1 


LE 


TBA, CBA 


yes 


GABA B R 


LE 


TBA, CBA 


yes 


AM PAR 


LE 


TBA, CBA 


yes 


CASPR2 


Morvan's syndrome 


TBA, CBA 


yes 


GlyR 


PERM 


CBA 


no 


mGluRI 


Cerebellar ataxia 


TBA, CBA 


no 


mGluR5 


LE 


TBA, CBA 


no 


VGCC 


LEMS, PCD 


RIA 


yes 


Aquaporin-4 (glial) 


NMO 


TBA, CBA 


yes 



ANNA = anti-neuronal nuclear antibody; CRMP = collapsin response mediator protein; PCA = purkinje cell autoantibody; AGNA = 
anti-glial nuclear antibody; GAD65 = glutamic acid decarboxylase 65; DNER = delta/notch-like epidermal growth factor-related recep- 
tor; NMDAR = N-methyl-D-aspartate receptor; LGI1 = leucine-rich glioma-inactivated 1; GABA B R = gamma-aminobutyric acid-B re- 
ceptor; AMPAR = amino-3-hydroxy-5-hydroxy-5-methyl-4-isoxazolepropionic acid receptor; CASPR2 = contactin-associated protein- 
like 2; GlyR = glycine receptor; mGluR1/5 = metabotropic glutamate receptor type 1/5; VGCC = voltage-gated calcium channel; PCD 
= paraneoplastic cerebellar degeneration; LE = limbic encephalitis; SPS = stiff-person syndrome; PERM = progressive encephalomy- 
elitis with rigidity and myoclonus; LEMS = Lambert-Eaton myasthenic syndrome; NMO = neuromyelitis optica. 



related receptor (DNER) a protein also pres- 
ent in the neuronal membrane [4]. 



of rodents or primates, using indirect immu- 
nofluorescence or immunohistochemistry. 



Which tests are available - 
Implementation in the 
diagnostic laboratory 

Different techniques are available for the 
diagnosis of anti-neuronal antibodies, each 
with its value and potential limitations: tis- 
sue based assays, immunoblots, cell based 
assays, ELISA, and immunoprecipitation. 
For some neuronal/glial antigens, a system- 
atic comparison of different assays has been 
performed [5, 6]. 



Tissue-based assays (TBA) 

Principle 

Antibodies that are present in CSF or se- 
rum of patients are identified on brain tissue 



Application 

This test is recommended as screening 
method for Group 1 and 2 antibodies, with 
the exception of anti-GlyR-antibodies, as 
they may be not detected in the screening 
TBA. 



Implementation 

Rat brain is obtained and dissected after 
killing the animal with C0 2 . Two different 
pretreatment methods are necessary to detect 
either Group 1 antibodies in the rat cerebel- 
lum or Group 2 antibodies in the rat hip- 
pocampus (Figure 1) [7]. This approach re- 
quires having an animal facility and approval 
of the ethical committee for the procedure. 
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postfixed brain with focus on 
hippocampus 

(also commercially available) 

For detection of neuronal/glial surface 
proteins and synaptic proteins: 
NMDAR. LGI1. CASPR2. AMPAR. 
GABA(B)R; 
Aquaporin-4; 

AMPAR 

Figure 1 . Screening for Group 1 and 2 antibodies 
with TBA. 

Alternatively, commercially available 
kits of rodent or primate brain sections can 
be used. They have the advantage of not re- 
quiring animal facilities. However, they are 
rather expensive. Two different kits have to 
be purchased for screening either Group 1 or 
Group 2 antibodies. 



Immunoblot 

Principle 

Antibodies that are present in CSF or se- 
rum of patients will recognize recombinant 
antigens as specific band, that were transblot- 
ted onto a nitrocellulose membrane. 



Application 

This test is recommended as confirma- 
tory test for Group 1 antibodies with the ex- 
ception of anti-Tr-antibodies. 

Implementation 

Different companies provide commercially 
available immunoblots for the most common 



perfused brain with focus on 
cerebellum 

(also commercially available) 

For detection of intracellular proteins 
and surface proteins in the cerebellum 
Hu. Yo. Ri, CV2, Ma. Tr, GAD, 
Amphiphysin, SOX1; 







GAD 
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onconeuronal antibodies (Hu, Yo, Ri, CV2, 
Mal/2, Amphiphysin, SOX1, and GAD) that 
can easily be implemented in the diagnostic 
laboratory. Immunoblots from different manu- 
facturers have some variability in sensitivity and 
specificity that have to be taken into account be- 
fore deciding for a specific company [5]. Spezi- 
alized laboratories provide in-house immunob- 
lots for detection of rare antibodies either with 
purified proteins or electrophoretically separated 
extracts of rat cerebellum [8], 



Cell-based assays (CBA) 

Principle 

Antibodies that are present in CSF or se- 
rum of patients are identified on suitable cell 
lines (such as HEK293 cells) that are trans- 
fected with an eukaryotic expression vector 
(plasmid) encoding the antigen. 



Application 

This test is recommended as confirma- 
tory test for Group 2 antibodies and anti-Tr- 
antibodies. 



Implementation 

Different companies provide either com- 
mercially available plasmids or already 
transfected cells for the most common sur- 
face proteins (NMDAR, LGI1, CASPR2, 
AMPAR, GABA B R,) that can easily be 
implemented in the diagnostic laboratory. 
Spezialized laboratories provide in-house 
cell-based assays for detection of additional 
antibodies such as GlyR or mGluRl/5. 



ELISA 

Principle: Antibodies that are present in 
CSF or serum of patients are identified, us- 
ing an automatic reader that quantifies the 
reactivity of an enzyme that is activated 
when there is antibody binding to a specific 
substrate. 

Application: This test only plays a minor 
role in the routine diagnostic work-up of an- 
ti-neuronal antibodies and is mainly reserved 
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tf clinical data are highly 
suggestive either repeat 
with CSF (if previously 
performed only with 
serum) or perform 



Direct screening with 
confirmatory test 
(immunoblot or CBA) 



Negative 

(-» \ Positive ~| 



»• Chock d,n,Q data 



If clinical data are highly 
suggestive, perform TBA 
or consult reference 



Figure 2. Algorithmic approach to diagnosis of 
anti-neuronal antibodies. 



for special issues such as determination of 
antibody titer. 



ies and can reveal new antibodies. However, 
knowledge of reactivity pattern and proper 
quality managment is essential in maintain- 
ing the highest standards in the practice of 
this diagnostic testing. 

Commercial confirmatory assays are 
highly sensitive and specific. Robust signals 
are diagnostic. However the high sensitivity 
bears the risk of weak results. Screening with 
immunoblot occasionally shows very weak 
or multiple bands, that can be false positive 
or not significant. Problems related to non- 
specific background signal also occur with 
CBA, particularly when only serum is used. 
If a center decides to perform only confir- 
matory tests (without preceding screening 
method), results have therefore be interpret- 
ed with caution and put in context with the 
clinical data. An algorithmic approach to di- 
agnosis of anti-neuronal antibodies is shown 
in Figure 2. 



Immunoprecipitation 
Principle 

Antibodies that are present in CSF or 
serum of patients bind to a specific antigen, 
the antigen-antibody complex is precipitated 
out of solution and measured. Since large 
amounts of substrate are often necessary, se- 
rum is preferably used over CSF. 

Application 

This test is used for the detection of a few 
specific antibodies, such as voltage-gated 
calcium channel antibodies and is provided 
by specialized immunological laboratories. 

How to test - 
Algorithmic approach 
and potential limitations 

To provide a maximum of sensitivity 
and specificity a combination of a screening 
method (TBA) and a confirmatory test (im- 
munoblot and CBA) using serum and CSF 
is recommended [9]. TBA provide an excel- 
lent screening tool because they detect the 
full range of already characterized antibod- 



Who should perform testing 

Neurological syndromes associated with 
anti-neuronal antibodies are rare diseases 
and diagnosis should be performed in expe- 
rienced centers to guarantee high diagnostic 
quality, and to gain a maximum of infor- 
mation for requesting clinicans and people 
doing research. Smaller departments that 
decide to offer testing should be aware of 
diagnostic pitfalls and in case of any doubt 
consult a reference center. 



Conclusion 

Accurate detection of anti-neuronal an- 
tibodies has important implications for the 
clinical work-up and treatment of patients 
with paraneoplastic and autoimmune neu- 
rological disorders. Several tissue- and cell- 
based assays (in-house or commercial) are 
available to enable early diagnosis. The indi- 
cated algorithmic approach provides a maxi- 
mum of sensitivity and specificity, however, 
interpretation of results needs experience 
and should be put in the context of clinical 
information. Each center should be aware of 
the value and potential limitations of their in- 
dividual testing system and in case of doubt 
consider to consult a reference center. 
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